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Introduction
Co 43 Fe 20 Ta 5.5 B 31. 5 shows an extraordinary high fracture strength of 5185 MPa [1, 2, 3] , a Young's modulus of 268 GPa [1, 2, 3] , as well as a tensile strain of 1400% in the supercooled liquid region [2] . Furthermore, soft magnetic properties have been measured; an extremely high permeability of 550,000 [1] and a tailorable spin reorientation transition with the Curie temperature up to 450 K [4, 5, 6] were reported. Experiments on the corrosion properties show passivity in NaCl, HCl and H 2 SO 4 with corrosion rates in the order of 10 -3 mm/year [7] . This property combination enables the application thereof as structural as well as magnetic material. Potential applications for Co 43 Fe 20 Ta 5.5 B 31.5 as magnetic material are magnetic head cores, thin film inductors, transformer cores as well as quick-response magnetic sensors [4, 8] .
Kaban et al. [9] studied the atomic structure of Co 43 Fe 20 Ta 5.5 B 31.5 metallic glass and its effect onto glass-forming ability and thermal stability by X-ray diffraction and absorption experiments as well as by reverse Monte Carlo modeling. They proposed that the presence of Ta-B and B-B bonds, which are not existent in the crystalline state, account for the high glass-forming ability and thermal stability. Furthermore they reported Co-B to exhibit the shortest interatomic distance followed by B-B and
Fe-B, indicating a strong bonding between the corresponding atoms.
Computational methods such as (ab-initio) molecular dynamics [10, 11, 12, 13, 14] , as well as extended X-ray absorption fine structure [10] and anomalous X-ray scattering measurements [15] were utilized to describe the spatial types of (chemical) short
range order for several model binary metallic glasses [10] , Ni 25 Zr 60 Al 15 [11] , Fe-Nb-B [12] , Fe 78 Si 9 B 13 [13] , Cu 46 Zr 46 Al 8 [14] and Cu-Zr-Al [15] . Either trigonal prisms [11, 12] or icosahedra/Kasper polyhedra with different center atoms [10, 11, 13, 14, 15] were reported to be the structural basis of these metallic glasses. A few ab-initio reports on elasticity of amorphous steels are available [16, 17] , aiming to identify alloying elements which give rise to ductility. An elasticity-electronic structure correlation for
Co 43 Fe 20 Ta 5.5 B 31.5 or other metallic glasses does not seem to be reported yet.
In this work, we establish and validate a model to study the correlation between the elastic properties of Co-Fe-Ta-B metallic glasses and the electronic structure thereof. During sputtering the argon pressure of 4x10 -3 mbar was kept constant. Electrically grounded Si (100)-wafers were used as substrates, which were neither rotated nor intentionally heated. The target to substrate distance was ~10 cm which results in a deposition rate of ~7 nm/min. The thin film composition in the center of the sample was determined in a LEAP 3000X HR atom probe with a laser energy of 0.20-0.3 nJ, a detection rate of 1.0-2.0%, base temperature of 30-60 K and a pulse rate of 250kHz as well as in a LAWATAP system with a sample temperature of 40-50 K, using laser pulsing mode, UV irradiation and detection rates of 0.01-0.05 ions/pulse.
The structure of the deposited film was determined using a grazing incidence X-ray diffractometer (Bruker D8, Cu K α irradiation), X-ray reflectivity (XRR) measurements were carried out with a Philips PW1820 diffractometer using Cu K α radiation and subsequent fitting of the experimental curves using the GenX software [25] . The thin film stiffness was measured using a depth-sensing nanoindenter (Hysitron . Two-dimensional XRD patterns were integrated to the q-space using the software package FIT2D [27] . The data were then converted to the total structure factor, S(q), using standard procedures described elsewhere [28] . The integrated data were corrected for sample absorption, 
where ρ(r) and ρ 0 are the local and average atomic number densities, respectively, and r is the radial distance. From G(r) the PDF, g(r) can be calculated by:
A PDF, g(r) can also be calculated from the structural model like the one presented in this study, using the relation
where the sum goes over all pairs of atoms i and j within the model separated by r ij .
The b i denotes the scattering power of atom i and 〈b〉 is the average scattering power of the sample.
Results and discussion
The discussion of a suitable configuration to describe the quaternary metallic glass system under study here is based on the total energy of each supercell. The quantitative deviation in total energy for all configurations with reference to configuration (iii) can be found in The structure of the deposited film was determined to be X-ray amorphous with a broad hump around two theta of 44-45° (data not shown here For further evaluation of the here proposed ab-initio molecular dynamics model, we compared the computationally obtained total PDF with the PDF extracted from X-ray diffraction experiments using high-energy photons. This approach was successfully is about 15% and 7%, respectively. Elasticity results are shown in figure 2 ; see table   2 for all results reported in this study. The magnitude of the largest deviations reported between calculations and experiments is well within the expected range for the exchange correlation functionals used [30] . The differences observed for density and elasticity within both configurations probed in our ab-initio study are small, but significant. Similarly to the density data and the short range order data we observe good agreement between the calculated and measured elastic properties and summarize that the here established computational model is useful to describe the elasticity of Co-Fe-Ta-B metallic glass.
In order to correlate the elasticity data presented above with the electronic structure, we study the density of states. Figure 4 shows the total density of states for The here compiled computational model is useful to describe correlations between electronic structure, elasticity, density as well as (chemical) short range order and hence provides the basis for future knowledge based design of glassy materials. , c) mean nearest neighbor distances from [9] 
